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POSITIVE DRIVE ACTUATED VALVE FOR
RECIPROCATING COMPRESSOR AND
METHOD

BACKGROUND

Embodiments of the subject matter disclosed herein gen-
crally relate positive drive actuated valves used in recipro-
cating compressors for oil and gas industry, and related
methods.

Conventionally, the valves used 1n a reciprocating com-
pressor are automatic valves that are switched between a

* 'y™e

closed state and an open state due to a differential pressure
across the valve. FIG. 1A illustrates a conventional auto-
matic valve 100 1n the open state, and FIG. 1B illustrates the
valve 100 1n the closed state. The automatic valve 100 has
a seat 110 and a counter-seat 120. A distance d between the
seat 110 and the counter-seat 120 1s constant throughout the
compression cycle (for example, a spacer 115 may be
located there-between).

In the open state, a valve closing member 130 1s posi-
tioned 1nside the counter-seat 120, allowing the fluid to flow
through an inlet duct 140 and outlet ducts 150. The shape of
the valve closing member 130 may be a disc, a poppet,
multi-poppet or rings, which difference 1n shape gives the
name of the valve: disc valve, poppet valve, multi-poppet
valve or ring valve.

In the closed state, the valve closing member 130 prevents
the fluid from flowing from the inlet duct 140 toward the
outlet ducts 150. A spring 160 actively participates 1n the
valve’s operation, the elastic deformation force yielding a
pressure along the flow path equal to the force divided by the
area of the valve closing member 130. The valve 100 may
be configured such that a force pushing the valve closing
member 130 toward the counter-seat 120 has to be applied
to the spring 160 1n order to open the valve. Then, the first
pressure P, from the source of the fluid has to be larger than
the pressure P, at the destination of the fluid to open the
valve 100. Since the spring 160 favors a faster closing of the
valve 100, it 1s known as a “return” spring. However, the
valve 100 may be configured such that a force has to be
applied to push the valve closing member 130 toward the
seat 110. Then, the first pressure P, from the source of the
fluid has to be smaller than the pressure P, at the destination
of the fluid to close the valve 100.

The spring 160 accelerates switching the valve 100
between the open state and the closed state, while the
pressure difference across the valve (P,-P,) may change
dynamically. The spring 160 1s a part of valves that fre-
quently fails, aflecting reliability of the valve, and, thus, of
the whole reciprocating compressor.

One disadvantage of the automatic valve 1s that the tluid
in the volume in-between the seat 110 and the counter-seat
120 (which volume 1s 1n communication with the compres-
sion chamber) cannot be discharged, being therefore a
source of meiliciency.

The automatic valve 100 1s a linear valve since the valve
closing member 130 executes a linear motion (1.e., transla-
tion). Instead of including a spring, lincar valves may be
actuated valves 1n which an actuating mechanism causes the
linear (translation) motion of the valve closing member.
Valve configurations and operating environment may concur
to maintain the valve one state (1.e., closed or open), and to
temporarily switch the valve into the other state upon
receiving an actuating motion, but to return to the one state
due to a built-in return mechanism.

10

15

20

25

30

35

40

45

50

55

60

65

2

Rotary valves have been recently considered for recipro-
cating compressors 1n o1l and gas industry. The rotary valves

are actuated valves that provide a larger flow area than the
linear valves, and are configured to alleviate the problem of
inefliciency due to a valve-related volume from which the
fluid cannot be discharged. FIGS. 2A and 2B are schematic
representations of a rotary valve 200 1n an open state and in
a closed state, respectively. The rotary valve 200 has a
mobile part (rotor) 210 and a fixed part (stator) 220 placed
between a compression chamber of a reciprocating com-
pressor and an 1nlet duct through which fluid enters or exits
the compression chamber. The rotor 210 can rotate around
the valve shaft 230 and has an opening 212. The stator 220
has an opening 222. When the valve 200 1s in the open state
(F1G. 2A), the rotor 210 1s in a first position 1 which 1ts
opening 212 overlaps the opening 222 of the stator 220.
When the valve 200 1s 1n the closed state (FIG. 2B), the rotor
210 15 1n a second position 1n which its opeming 212 does not
overlap the opening 222 of the stator 220. The rotary valve
200 switches between the open state and the closed state
when the rotor 210 rotates from the first position to the
second position, and vice-versa.

The use of actuated valves (linear or rotary) in recipro-
cating compressors for the o1l and gas industry requires
relatively large forces, large displacements and short
response times compared to respective ranges ol these
parameters characterizing currently available actuators.
None of the currently available actuators can operate such as
to meet these conditions simultaneously. Additionally, the
use of electrical actuators (that are capable of operating in
the required short response times) 1s further limited by the
requirement to 1solate the electrical actuators from the
working fluids that are corrosive and/or inflammable.

In contrast to the equipment 1 o1l and gas industry,
actuating valves 1n automotive industry (most frequently
done using electric actuators) may require a large force and
a short response time, but not a large displacement. Addi-
tionally, 1n the automotive industry equipment, there 1s no
concern about explosions—explosions being actually a
sought-after phenomenon and the high pressure occurring
due to explosions being easily dissipated in the ambient.

Further in contrast to the equipment i oil and gas
industry, actuating valves in naval equipment (most fre-
quently done with pneumatic or hydraulic actuators)
requires large forces and may require large displacements,
but the actuation time 1s not critical.

Accordingly, 1t would be desirable to provide valve
assemblies and methods for efliciently actuating valves 1n
reciprocating compressors used 1n o1l and gas industry.

SUMMARY

Various embodiments of the current inventive concept set
forth apparatuses and methods overcoming the technical
challenges 1n actuating valves of reciprocating compressors
used 1n o1l and gas industry.

According to one exemplary embodiment, a positive drive
valve actuating mechanism useable to operate a valve of a
reciprocating compressor for oil and gas industry includes a
driver configured to perform a rotating motion, and a fol-
lower connected to a mobile part of the valve and to the
driver. The follower 1s configured to transform the rotating
motion of the driver into a reciprocating motion to open the
valve and to close the valve, respectively.

According to another exemplary embodiment, a recipro-
cating compressor has a compression chamber, a valve
through which the flmd enters or 1s discharged from the
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compression chamber, and a positive drive valve actuating
mechanism. The positive drive valve actuating mechanism
includes a driver configured to perform a rotating motion,
and a follower connected to a mobile part of the valve and
to the driver. The follower 1s configured to transform the
rotating motion of the driver into a reciprocating motion to
open the valve and to close the valve, respectively.

According to another exemplary embodiment, a method
for retrofitting a reciprocating compressor used 1 o1l and
gas mndustry 1s provided. The reciprocating compressor has
a cylinder 1n which fluid 1s compressed; mitially, the fluid 1s
flowing to or from the cylinder via an automatic valve
configured to switch between an open state and a closed
state, depending on a differential pressure across the valve.
The method includes providing a positive drive valve actu-
ating mechanism including (A) a driver configured to per-
form a rotating motion and (B) a follower connected to a
mobile part of the valve and to the driver, and configured to
transform the rotating motion of the driver into a recipro-
cating motion to open the valve and to close the valve,
respectively. The method further includes mounting the
positive drive valve actuating mechanism so as to actuate to
the mobile part of the valve.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and constitute a part of the specification, 1llustrate one
or more embodiments and, together with the description,
explain these embodiments. In the drawings:

FIGS. 1A and 1B are schematic diagrams of a conven-
tional automatic valve:

FIGS. 2A and 2B are schematic diagrams of a conven-
tional rotary valve;

FIGS. 3A and 3B are views of a positive drive valve
assembly for actuating a linear valve, according to an
exemplary embodiment;

FIG. 4 1s a schematic diagram of a positive drive valve
actuating mechanism for actuating a linear valve, according
to another embodiment;

FIG. 5 1s a schematic diagram of a positive drive valve
actuating mechanism for actuating a linear valve, according
to another embodiment;

FIGS. 6A and 6B are views of a positive drnive valve
actuating mechanism for actuating a rotary valve, according
to an exemplary embodiment;

FIGS. 7A and 7B are views of a positive drive valve
actuating mechanism for actuating a rotary valve, according
to another embodiment;

FIG. 8 1s a schematic diagram of a reciprocating com-
pressor, according to an exemplary embodiment; and

FIG. 9 1s a flowchart 1llustrating a method for retrofitting,
a reciprocating compressor used in o1l and gas industry,
according to an exemplary embodiment.

DETAILED DESCRIPTION

The following description of the exemplary embodiments
refers to the accompanying drawings. The same reference
numbers 1n different drawings identify the same or similar
clements. The following detailed description does not limait
the mnvention. Instead, the scope of the mvention 1s defined
by the appended claims. The following embodiments are
discussed, for stmplicity, with regard to the terminology and
structure of reciprocating compressors used 1 o1l and gas
industry. However, the valves to be discussed next may be
applied to other equipment.
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Retference throughout the specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure or characteristic described 1n connection with an
embodiment 1s included 1n at least one embodiment of the
subject matter disclosed. Thus, the appearance of the phrases
“in one embodiment” or “in an embodiment” 1n various
places throughout the specification 1s not necessarily refer-
ring to the same embodiment. Further, the particular fea-
tures, structures or characteristics may be combined in any
suitable manner 1n one or more embodiments.

One objective of embodiments described hereinafter 1s to
provide valve assemblies to actuate valves 1n reciprocating,
compressors for o1l and gas industry, by generating displace-
ments to open and to close the valves (i.e., positive drive
mechanisms). The actuated valves may be linear (translat-
ing) valves or rotating valves. In contrast to an automatic
valve, which 1s opened depending on a differential pressure
on opposite sides of a valve closing member of the valve, an
actuated valve opens and/or closes upon receiving respective
displacements from an actuator. Actuated valves are more
reliable than automatic valves and provide advantages for
increasing the efliciency and reducing the clearance volume
for the reciprocating compressors used 1n o1l and gas 1mndus-
try.

FIGS. 3A, 3B, 4 and 5 illustrate positive drive valve
actuating mechanisms for linear (translating) valves. FIGS.
6A, 6B, 7A and 7B 1illustrate positive drive valve actuating,
mechanisms for rotary valves. The term positive drive 1s
used relative to actuating mechanisms including 1rregularly
shaped parts executing rotating motions to actuate valve
mobile parts, thereby switching the valves between open and
closed states.

FIGS. 3A and 3B are perpendicular views of a positive
drive valve assembly 300 for actuating a linear valve,
according to an exemplary embodiment. The valve assembly
300 includes a first cam 310, a second cam 320 and a cam
shaft 330 configured to transmit a continuous rotation
motion to the first cam 310 and to the second cam 320. A first
arm 340 of the valve actuating mechanism 1s configured to
have a cam-contact end 342 1n contact with the closing cam
310 and/or the opening cam 320, and a joint end 344
opposite the cam-contact end 342. As illustrated 1n FIG. 3B
the cam-contact end 342 bifurcates into a first portion 341
and a second portion 343 to be 1n direct contact with the
closing cam 310 or to the opening cam 320, respectively.

A second arm 350 of the valve actuating mechanism has
a joint end 352 rigidly connected via a joint 360 to the joint
end 344 of the first arm 340, and a shaft end 354 opposite
the joint end 352 of the second arm 350. The shaft end 354
1s actually a fork that engages the valve shait 323 1n a groove
that has a smaller diameter around a location where the shaft
end 354 of the second arm 350 engages the valve shait 325.

The first cam 310 pushes down the shaft 325 due to 1ts
clongated portion. The second cam 320 then pushes the first
arm 340 to rotate clockwise, due to 1ts asymmetrically
clongated profile, which makes the second arm 350 similarly
rotate clockwise, thereby pushing the valve shaft 325 up.
When the first cam 310 then pushes again down the shaft
325, the second arm 350 1s also pushed down, causing it to
rotate counter-clockwise. The counter-clockwise rotation of
the second arm 350 makes the first arm 340 also rotate,
returning to a position from which it may then be pushed
again by the second cam 320.

FIG. 4 1llustrates a positive drive valve actuating mecha-
nism 400 for actuating a linear valve, according to another
embodiment. The positive drive valve actuating mechanism
400 1ncludes a cam 410 rotating around an axis 412 due to
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a rotating shaft 415. The cam 410 1s placed inside a follower
420 that 1s pushed toward right or toward left, depending on
the distance from the circumierence of the cam 410 to the
inner sides of the follower 420. The follower 420 1s attached
to the valve closing member of the linear valve (not shown)
via the shaft 425. Thus, the valve actuating mechanism 400
1s configured to transform a continuous rotation of the cam
410 into an alternating translation along the axis 422.
FI1G. 5 1llustrates a positive drive valve actuating mecha-
nism 500 for actuating a linear valve, according to another
embodiment. The positive drive valve actuating mechanism
500 includes a driver 510 configured to perform an alter-
nating angular displacement around the axis 315 located at
a first end of the driver 510. The positive drive valve
actuating mechanism 500 further includes a follower 720
connected to a shaft 525 and having a closed profile 522 with
one end 523 closer to the axis 5135 than another end 524. The
driver 510 has a notch 512 at a second end opposite to the
first end thereof where the axis 515 1s located. The notch 51
1s placed and configured to slide inside the profile 522. As
the notch 512 slides from end 523 of the profile 522 toward

the other end 524 when the driver 510 rotates counter-
clockwise, the follower 520 1s pushed away from the axis
515 (down 1n FIG. §). As the notch 512 slides from the end
524 of the profile 522 toward the other end 523 when the
driver 510 rotates clockwise, the follower 520 1s pulled
toward the axis 515 (up i1n FIG. 5). Thus, the positive drive
valve actuating mechanism 500 1s configured to transform
an alternating angular displacement (rotation) of the driver
510 1nto an alternating translation of the shaft 525 which 1s
connected to the valve closing member of a linear valve (not
shown).

FIGS. 6A and 6B are different views (perpendicular to one
another) of a valve actuating mechanism 600 for actuating a
rotary valve according to another exemplary embodiment.
The valve actuating mechanism 600 includes an opening
cam 610 and a closing cam 620. The openming cam 610 and
the closing cam 620 are rotated by a cam shait 615.

The valve actuating mechamism 600 includes an opening,
arm 650 that has (1) a cam end 652 that 1s, temporarily
during a full rotation of the cam shait 613, in contact with
the elongated portion of the opening cam 610, and (2) a
valve shalt end 654 fixedly attached to the valve shaft 630
at a first angular position. The valve actuating mechanism
600 turther includes a closing arm 640 that has (1) a cam end
642 that 1s, temporarily during a full rotation of the cam shait
615, 1n contact with the elongated portion of the closing cam
620, and (2) a valve shaft end 644 fixedly attached to the
valve shaft 630 at a second angular position different from
the first angular position. Between a first connecting zone of
the opening arm 650 to the valve shaft 630 and a second
connecting zone of the closing arm 640 to the valve shatt
630 may be a spacer.

The valve shait 630 and the cam shait 615 are substan-
tially parallel. As the cam shaft 615 rotates together with
cams 610 and 620, the elongated portion of the opening cam
610 pushes the opening arm 6350 and the valve shait 630
counter-clockwise, causing an angular displacement of a
rotor of a rotary valve (not shown). Then, the elongated
portion of the closing cam 620 pushes the closing arm 640
and the valve shaft 630 clockwise, causing an opposite
angular displacement of the rotor of the rotary valve. Thus,
the valve actuating mechanism 600 1s configured to trans-
form a continuous rotation of the cams 610 and 620 1nto an
alternating rotation of the valve shait 630 which 1s con-
nected to the rotor of the rotary valve.
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FIGS. 7A and 7B are different views (perpendicular to one
another) of a positive drive valve actuating mechamism 700
for a rotary valve, according to another embodiment. The
positive drive valve actuating mechanism 700 includes a
grooved cylinder 710 attached to a shaft 720. The grooved
cylinder 710 rotates around axis 7135, and has a groove 712
forming a closed loop on 1ts outer surface. The position of
the groove 712 varies around the surface along the axis 715.

The positive drive valve actuating mechanism 700 further
includes an oscillating follower 730. The oscillating fol-
lower 730 has a notch 732 at one end. The notch 732 slides
on the groove 712 when the grooved cylinder 710 rotates.
The oscillating follower 730 1s configured to rotate around
an axis 735 as the notch 732 sliding on the groove 712
moves toward lett or toward right in FIG. 7B, due to the
variation of the position along the axis 715 of the groove
712. The oscillating follower 730 1s attached to a shaft 740
positioned along the axis 735 and attached to a rotor of a
rotary valve (not shown). Thus, the positive drive valve
actuating mechanism 700 1s configured to transform a con-
tinuous rotation of the grooved cylinder 710 into an alter-
nating angular displacement around the axis 735.

Any of the positive drive valve actuating mechanisms
may be used in a reciprocating compressor 800 that 1s
schematically 1llustrated 1n FIG. 8. The compressor 800 1s a
dual chamber reciprocating compressor. However, valve
assemblies according to embodiments similar to the ones
illustrated 1n FIGS. 3-7 may be used also 1n single chamber
reciprocating compressors. The compression occurs 1n
chambers 822 and 824 of a cylinder 820. A fluid to be
compressed (e.g., natural gas) 1s input 1nto the cylinder 820
via an 1nlet 830, and, after the compression, 1s output via an
outlet 840. The volumes of the chamber 822 and 824 are
modified due to the movement of the piston 850 along the
longitudinal axis of the cylinder 820, alternating between
moving toward a head end 826 and toward a crank end 828.
The piston 850 divides the cylinder 820 in two chambers 822
and 824 operating in different phases of the cyclic process,
the volume of chamber 822 being at 1ts lowest value when
the volume of chamber 824 1s at its highest value and
vice-versa.

Suction valves 832 and 834 open to allow the fluid that 1s
going to be compressed (1.e., having a first pressure P, ) from
the mlet 830 into the chambers 822 and 824, respectively.
Discharge valves 842 and 844 open to allow the fluid that
has been compressed (1.e., having a second pressure P,) to
be output from the chambers 822 and 824, respectively, via
the outlet 840. The piston 850 moves due to energy received,
for example, from a crankshait (not shown) via a crosshead
(not shown) and a piston rod 880. In FIG. 8, the valves 832,
834, 842, and 844 are 1llustrated as being located on a lateral
wall of the cylinder 820. However, the valves 832 and 842,
834 and 844, may be located on the head end 826 and/or the
crank end 828 of the cylinder 820, respectively.

In contrast to an automatic valve, which opens and closes
depending on a differential pressure across the valve, the
actuated valve 832 opens and closes due to angular displace-
ments recerved from a valve assembly 837. One or more
valves of the reciprocating compressor 800 may be actuated
valves. A combination of actuated valves and automatic
valves may also occur 1n some embodiments; for example,
the suction valves may be actuated while the discharge
valves may be automatic valves.

Some of the embodiments have one or more of the
following advantages: better control of the timing of open-
ing and closing the valve and enhanced stability. Addition-
ally, the efliciency of the compressor may be enhanced by
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decreasing the volume associated with the valve from which
the fluid cannot be discharged.

Existing reciprocating compressors having a cylinder in
which fluid 1s compressed, the fluid flowing to or from the
cylinder via an automatic valve configured to switch
between an open state and a closed state depending on a
differential pressure across the valve, may be retrofitted to
have the valve actuated using one of the above-described
positive drive valve actuating mechamsms. FIG. 9 15 a
flowchart 1llustrating a method 900 for retrofitting a recip-
rocating compressor used in o1l and gas industry according,
to an exemplary embodiment. The method 900 includes
providing a positive drive valve actuating mechamism
including (A) a driver configured to perform a rotating

motion and (B) a follower connected to a mobile part of the
valve and to the driver, and configured to transform the
rotating motion of the driver into a reciprocating motion to
open the valve and to close the valve, respectively, at 5910.
The method 900 further includes mounting a positive drive
valve actuating mechanism so as to actuate the mobile part
of the valve, at 5920. The method 900 may also include
connecting the driver to a shaft that provides the rotating
motion.

The disclosed exemplary embodiments provide positive
drive valve actuating mechanisms for valves of reciprocat-
ing compressors used in o1l and gas industry. It should be
understood that this description i1s not intended to limit the
invention. On the contrary, the exemplary embodiments are
intended to cover alternatives, modifications and equiva-
lents, which are included in the spirit and scope of the
invention as defined by the appended claims. Further, in the
detailed description of the exemplary embodiments, numer-
ous specific details are set forth in order to provide a
comprehensive understanding of the claimed invention.
However, one skilled in the art would understand that
various embodiments may be practiced without such specific
details.

Although the features and elements of the present exem-
plary embodiments are described in the embodiments in
particular combinations, each feature or element can be used
alone without the other features and elements of the embodi-
ments or 1 various combinations with or without other
features and elements disclosed herein.
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This written description uses examples of the subject
matter disclosed to enable any person skilled in the art to
practice the same, including making and using any devices
or systems and performing any incorporated methods. The
patentable scope of the subject matter 1s defined by the
claims, and may include other examples that occur to those
skilled 1n the art. Such other examples are intended to be
within the scope of the claims.
What 1s claimed 1s:
1. A positive drive valve actuating mechanism for oper-
ating a linear valve of a reciprocating compressor for use 1n
the o1l and gas industry, the valve actuating mechanism
comprising:
a rotatable driving mechanism comprising a first cam and
a second cam configured to rotate around an axis,
wherein elongated parts of the first cam and the second
cam, respectively, are located at different angular posi-
tions; and
a follower connected to a valve shait of the linear valve
and to the rotatable driving mechanism, and configured
to transform a rotating motion of the rotatable driving
mechanism 1nto a reciprocating motion of the valve
shaft to open and close the linear valve, the follower
comprising a first arm having a cam-contact end 1n
contact with profiles of the first cam and the second
cam, a second arm having a shaft-contact end attached
to the valve shaft, and a rnigid joint connecting an end
of the first arm opposite the cam-contact end to an end
of the second arm opposite the shatt-contact end,

wherein the shaft-contact end of the second arm 1s a fork
that engages the valve shalt 1n a groove.

2. The positive drive valve actuating mechanism of claim
1, wherein the cam-contact end of the first arm 1s bifurcated
into a first portion and a second portion.

3. The positive drive valve actuating mechanism of claim
2, wherein the first portion of the cam contact end of the first
arm 1s 1n direct contact with the first cam and the second
portion of the cam-contact end of the first arm 1s 1n direct
contact with the second cam.

4. The positive drive valve actuating mechanism of claim
1, wherein the groove has a smaller diameter around a
location where the shaft-contact end of the second arm

engages the valve shatt.
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